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Optical Model of High-Energy Elastic Scattering at 180° 
by 
V.S. Stavinskij 
Detailed experimental studies of the cross-section of scattering 
at 180° of negative pions on protons reveal considerable oscillations 
with the variation of energy. These experiments led to attempts to 
give a theoretical description of the phenomenon on the basis of 
scattering amplitude of the Regge type and resonance amplitude of the 
Breit-Wigner type2,3). In these papers, from a formal point of view, 
large-angle scattering is described by a multi-parameter function 
(the number of resonances and the constant of the background amplitude). 
In the present paper an attempt is made to describe the large-angle 
scattering of both negative and positive mesons by.dependence 
with a minimum number of parameters. 
Let us assume that the scattering amplitude in the laboratory 
system of co-ordinates has the following form: 
f(θ) = 2E . 
∞ 
v(r) sin kr r2 d r , 
∫ (hc)2 kr 
0 
where 
Ε is the full energy of the incident particle in the laboratory-system 
of co-ordinates; 
k is the momentum transfer in the laboratory system of co-ordinates; 
v(r) is a function of the radius of the interaction. 
At present it is known that the form of scattering amplitude 




for small-angle scattering ("diffraction scattering"), if the function 
v(r) is chosen in the form 
v(r) = i v0 exp { -½( r 
) 2 }. 
r0 
From the optical point of view it seems natural to assume that 
large-angle scattering should be defined by the reflectivity of the 
scatterer. The function v(r) will be consider as real, of the "square 
well" type with diffuse edges, so that 
v(r) = wo { 1 - 1 
r 
exp [ -½ ( r0 - r 
) 2 ] a r } . ∫ √2π σ σ0 
0 
For this form of the function v(r) the scattering cross-section will 










exp [ -½ ( r0 - r 
) 2 ] × ∫ dΩ hc 3 hc 2πσ0 σ20 
— ∞ 
×[ 3 (sin kr - kr cos kr)]dkr}. 
_(kr)3 
The diagram gives the experimental data on the ratio between the 
cross-sections of scattering at 180° and at 0°. The curve shown was 
calculated with the parameters: 
r0 = 0.605 · 10-13 cm, 
σ0 = 0.07 r 0 , 
W0 = 75 MeV 
The cycle and position of the oscillations in the cross-section 
of scattering at 180° is defined by the parameter r0, the intensity 
of the oscillation by the parameter σ0, and the absolute normalization 




It is interesting to note that the absolute normalization chosen 
gives for the ratio between the real and the imaginary part of the 
scattering amplitude at 0° the value 
Re f(0) = 0.21 Im f(0) 
which agrees well with the experiment4). Accordingly, the parameter 
w0 is not independent in the proposed model. 
It can be seen from the diagram that the curve calculated with 
two parameters (r0 and σ0) satisfactorily describes the broad lines of 
pion scattering at 180° as a function of the energy. 
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Dependence of the ratio between the scattering 
cross-section in the laboratory system of 
co-ordinates at 180° and the scattering cross-section 
at 0° on the momentum of the incident 
pion. 
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